This paper examines the redefault rate of mortgages that were selected for modification during 2008-2011, compared with that of similarly situated self-cured mortgages during the same period. We find that while the performance of both modified and self-cured loans improved dramatically over this period, the decline in the redefault rate for modified loans was substantially larger, and we attribute this difference to a few key factors. First, the repayment terms provided by modifications became increasingly generous, including the more frequent offering of principal reduction, resulting in greater financial relief to borrowers. Second, the later modifications also benefited from improving economic conditions -modification became more effective as unemployment rates declined and home prices recovered. Third, we find that the difference in redefault rate improvement between modified loans and self-cured loans is not fully explained by observable risk and economic variables. We attribute this residual difference to the servicers' learning process -so-called learning by doing. Early in the mortgage crisis, many servicers had limited experience selecting the best borrowers for modification. As modification activity increased, lenders became more adept at screening borrowers for modification eligibility and in selecting appropriate modification terms.
Redefault Risk in the Aftermath of the Mortgage Crisis:
Why Did Modifications Improve More Than Self-Cures?
Introduction
Mortgage lenders experienced an unprecedented surge of defaults as the housing market downturn, which began in 2007, worsened through 2008 and 2009 . Lenders (or loan servicers acting on behalf of the lenders) can choose among various strategies for resolving a defaulted mortgage, with the objective of maximizing the present value of their net recovery amount (net of recovery costs). The traditional resolution strategy is a legal foreclosure process, whereby the lender takes possession of the property and puts it up for sale. Often, however, lenders pursue alternatives to foreclosure that may provide a shorter path to property liquidation including deed-in-lieu of foreclosure, short sale, or thirdparty sale.
Alternatively, the lender may modify the loan terms, such as reducing the interest rate, extending the maturity date of the loan, or reducing the principal balance, to facilitate financial relief for borrowers, enabling them to resume their regularly scheduled payments. Mortgage modifications had been used sparingly before the recent mortgage crisis, but during the crisis, their use increased substantially, with lenders seeking to avoid the increased costs associated with foreclosure delays and through government programs encouraging modification activity.
Our study is the first to measure the net impact of payment-reducing modification programs during 2008-2011 relative to similarly situated self-cured loans (without payment-reducing modification). Previous studies have documented the change in redefault rates across modification programs or in relation to modification terms. However, they did not control for factors impacting the sustainability of cure more generally, as we accomplish by comparing against similarly situated selfcured loans.
We find that the performance of both modified and self-cured mortgages improved (they were less likely to redefault) dramatically over this period. However, the redefault rate improvement of modified loans was substantially greater than that of similarly situated self-cures. For example, after matching modified to comparable self-cured loans, we find that in the Agency (Fannie Mae or Freddie Mac) loan categories, the 36-month cumulative redefault rate of modified loans declined by nearly three-fourths, from slightly above 80 percent to slightly above 20 percent. The redefault rate of selfcures declined from slightly above 70 percent to about 35 percent, for 2008 versus 2011.
Our analysis is divided broadly into two parts. First, we develop and implement a procedure for matching modified loans to similarly situated self-cured loans and compare the changes (declines) in their redefault frequencies. Second, we analyze the factors that contribute to the larger decline in redefault frequency of modified mortgages compared with self-cured loans, using logistic regression models of redefault.
One of the identified key factors that influenced the decline in the redefault rate of modified mortgages is the increasing share of principal-reduction modifications relative to other types of modification -a finding consistent with Goodman et al. (2012) . In addition, we find that greater improvement in relative performance for modifications provided larger payment reductions (greater relief to borrowers). And, as expected, the favorable impacts of principal and payment reductions were enhanced by improving economic conditions, such as declining unemployment rates from 2008 to 2011, resulting in more effective modifications.
Interestingly, after controlling for the type of modification, the payment reduction amount, and the economic conditions, we still observe larger improvement in redefault rates for modification compared with self-cured loans. We observe a large drop in the redefault rate of modified loans relative to self-cures after the first quarter of 2009 and a moderate decline after 2010. We attribute this enhanced effectiveness of modifications (relative to self-cured), especially for the earlier vintages to servicer "learning-by-doing." Servicers with limited experience in designing modification programs in 2008 may have learned their lessons as the modification activity ramped up, resulting in more successful modification programs for later vintages.
The paper is organized as follows. Section 2 discusses existing literature related to the motivation of mortgage modification as a foreclosure alternative and those related to the impact of modification on loan performance. Section 3 provides some institutional background for the increase in modification and evolution of modification terms since the onset of the financial crisis in 2008. Section 4 describes the data and our approach to identifying mortgage loans that were modified during the period 2008-2011. Section 5 compares cumulative redefault rate between modifications and self-cures by year of modification or cure. We use propensity score-matching methods to match modified loans and similarly situated self-cured loans to control for risk characteristics. In Section 6, we develop logistic regression models that predict redefault of modified loans and self-cured loans, seeking to draw insights into what the key factors are that drive a larger decline in redefault rates for modified loans. We offer concluding remarks in Section 7.
The Literature and Our Contribution
The literature on loan modification is roughly separated into two strands:1) important factors on the borrower (or servicer) side that determine which delinquent loans receive a modification, and 2) examination of repayment performance (or redefault rate) after modification. We are the first to systematically compare the delinquency performance of modifications with that of self-cured loans, using matched self-cures as a control group.
A lender or servicer's decision on whether to modify and on the modification terms may depend, at least in part, on the factors that gave rise to the borrower's default on the mortgage. A borrower's default may be caused by the inability to make the payments or by the unwillingness (or lack of incentive) to pay (Haughwout, Okah, and Tracy 2009) . The ability to pay relates to borrowers having adequate cash flow or liquidity to make a monthly mortgage payment. Borrowers with a smaller equity stake in the home (higher current loan-to-value (LTV) ratio) have less incentive to pay, particularly when the value of the home falls below the mortgage loan amount. Past credit payment history (e.g., past
Equifax Risk Scores) may reflect the ability to pay insofar as it reflects vulnerability to income or liquidity shocks; it may also in part reflect a willingness to pay. Das (2012) reflects on the role of these factors on the borrower side and develops a theoretical model of optimal loan modification strategy in a stochastic environment of home prices and interest rates. According to this theory, a suitable loan modification scheme must be cognizant of both the borrower's ability to pay and willingness to pay. The model indicates that effective modifications require writing down the principal balance. 1 Mayer, Tomasz, and Arpit (2014) , also focusing on the borrower side, present evidence that borrowers behave strategically in response to news of the availability of loan modifications for delinquent borrowers. This study analyzes borrowers' response to the program introduced by Countrywide Financial Corporation at the end of 2008 to settle a lawsuit filed by U.S. state attorneys general, whereby interest rate modifications were offered to all subprime mortgages that were at least 60 days past due. The study finds a significant increase in borrower delinquency in response to the program, suggesting that borrowers were induced to become delinquent by the prospect of receiving a mortgage modification and payment reduction.
The modification literature also has examined potential differences between investor and portfolio loans with respect to modification decisions (reflecting differences in the behavior of servicers 1 The model ignores any additional considerations on the servicer side and does not explain why principal write downs are relatively uncommon. that act as agents for investors or for other lenders and those who service loans for their own portfolios). Piskorski, Seru, and Vig (2010) emphasize three main reasons securitized loans may be serviced differently from portfolio loans. First, servicer financial incentives may differ between the investor and portfolio contexts. Within the framework of Jensen and Meckling (1976) , investors force servicers to fully internalize the costs and benefits of foreclosing or modifying a loan. Second, private service agreements (PSAs) may legally bar servicers from using certain modifications. Third, property rights are jointly held by many bondholders, and coordinating an agreement among the bondholders on a particular modification scheme is more difficult than agreeing to a simple foreclosure. Similarly, Piskorski, Seru, and Vig (2010) and Agarwal et al. (2011) find a higher incidence of loan modification for bank-held mortgages (portfolio loans) compared with similar securitized mortgages (investor loans). Adelino, Gerardi, and Willen (2013) , however, argue that the determinant of whether to modify a loan is based primarily on a cost-benefit analysis, whereby the servicer's assessment is based on the likelihood of success on modifications relative to the cost of proceeding through the foreclosure process, rather than on the status of the mortgage as either bank-held or securitized. They find evidence of increased servicers' reliance on modification as the likelihood of borrowers self-curing from the delinquency decline over the period 2006 through 2010. Gabriel, Iacoviello, and Lutz (2017) provide a multifaceted assessment of the effects of the California Foreclosure Prevention Laws (CFPL). They argue that the CFPL provided relatively strong incentives (particularly in relation to HAMP) for lenders to offer loan modifications by mandating consideration of foreclosure alternatives and imposing delays and other costs on the foreclosure process. They estimate that the CFPL prevented 380,000 foreclosures and helped stabilize the housing market, preserving $300 billion in housing wealth. By the end of 2008, 45 percent of the modified loans had returned to delinquent status. Both studies find that redefault rates decline with the size of the payment reduction or principal reduction offered by a modification. Adelino, Gerardi, and Willen (2013) attribute the relatively low frequency of modification of delinquent mortgages prior to 2009 in part to a high probability of redefault. Haughwout, Okah, and Tracy (2009) caution, however, that "while we can tell that borrowers (and mortgages) that receive a modification are different from those that do not, we do not model how a mortgage gets into our modified sample." This possibility of selection effects precludes drawing strong inferences from the observed repayment performance of modified loans. Servicers may choose whether or how to modify a loan based on private information about the borrower quality at the time of modification, and the observed redefault rates among the modified loans may reflect these ex-ante characteristics. Thus, a high redefault rate among modified loans does not necessarily imply that loans not granted modification would also have a high likelihood of redefault if they were to receive a modification.
Subsequent studies (including U.S. Department of the Treasury, 2012; and Schmeiser and Gross, 2015) examining performance of loans modified later during the crisis period (through at least 2011), confirm the significant relationships to postmodification payment reduction and postmodification LTV ratio. Moreover, these studies demonstrate that principal reduction has a comparatively large impact on likelihood of redefault because of the joint effects of payment reduction and reduced LTV ratio. 2 Anderson, Kogler, and Kim (2012) conduct a multivariate analysis of 12-month redefault rates of privately securitized mortgages receiving modification in 2006 through March 2011. This study finds that the impacts of interest rate reduction and principal reduction on the likelihood of redefault are similar to those in the aforementioned studies. In addition, it finds a significantly higher probability of redefault for subprime loans and for loans receiving modification at a later stage of delinquency. This study also finds significant reduction in redefault rates after 2008 and notes that this may reflect improving macroeconomic conditions or "improvement in the design and targeting of modifications that is not captured in payment reduction or modification type variables" but, unlike our study, does not attempt to disentangle these effects. Scharlemann and Shore (2015) apply a regression discontinuity approach to identify and neutralize the selection effect associated with modification type in evaluating the impact of principal reduction on redefault. They examine modifications provided under the government-sponsored HAMP 2 Voicu, Weselcouch, and Tschirhart (2011) , in addition to demonstrating that the likelihood of redefault is inversely related to both the amount of payment reduction and the amount of principal reduction, finds that modifications associated with the Treasury Department's Home Affordable Modification Program (HAMP) were less likely to redefault compared with non-HAMP modifications. In addition, Schmeiser and Gross (2015) also find that term extension modifications that increase the amount of principal due are most likely to redefault.
Principal Reduction Alternative (PRA). This program provides principal reductions for borrowers with negative equity, up to the point of meeting a negative equity target (usually 115 percent for the current LTV ratio). On the margin, consistent with a PRA selection effect, the PRA principal reduction modifications have a more beneficial impact on redefault rate than is inferred from extrapolation of the relationship of LTV ratio to redefault in the HAMP population not eligible for PRA.
The most closely related study to ours is Goodman et al. (2013) , which analyzes semiannual declines in the redefault rate on modifications of privately securitized mortgages over 2008 through 2012. 3 The authors discuss various factors that may have driven this downward trend, such as granting modifications earlier in the delinquency process and modifications with more generous payment relief.
Our paper provides a more extensive and deeper analysis of the improvement in the repayment performance of loan modifications after 2008. In addition to investigating the repayment performance of privately securitized mortgages, we demonstrate the improved payment performance for Agency securitized and bank-held conventional mortgages and for government-insured mortgages. More importantly, in this paper, we evaluate the performance of borrowers receiving a loan modification relative to a matched sample of self-cured borrowers, thus controlling for factors that might be important in lowering the redefault rates of both groups (such as housing market recovery). Over the course of the downturn, we find improvement in the performance of modified loans relative to selfcures. In addition, we explore the factors that contribute to the larger decline in the redefault frequency of modified mortgages compared with self-cured loans.
Our findings are robust to restricting the sample to individuals in an advanced stage of mortgage delinquency. Thus, the observed improved repayment performance of loan modifications in this paper is not owing to the selection effect described by Mayer et al. (2014) whereby borrowers who have capacity to pay observe others benefiting from modification and intentionally miss some payments to qualify themselves for modification.
Finally, the potential selection effect associated with borrowers being selected to receive a loan modification, which clouds interpretation of the results in some previous studies, is by design neutralized in our analysis, for two reasons. First, matching modifications and self-cures, including the use of propensity scores, narrows the scope for selection effects as it ensures that the comparison is between borrowers who are observably as similar as possible in terms of ability and incentive to pay.
Second, if any selection effect associated with loan modification remains, the observed impact was changing over the sample period such that the redefault rate of modified loans was declining relative to self-cures, which is consistent with a learning-by-doing interpretation.
Institutional Background
At the onset of the crisis, most mortgage servicers were oriented toward foreclosing quickly on delinquent borrowers rather than engaging in loan modifications (Cordell et. al., 2009 set of borrower eligibility requirements; a recommended "waterfall" of maturity date, interest rate, and principal adjustments to achieve a target reduction in monthly payments as well as an $800 incentive paid to the servicer for each implemented modification.
In 2009, this early effort was succeeded by the HAMP with the objective of further encouraging standardized modifications. HAMP mirrored the FHFA program with a waterfall modification protocol and servicer financial incentives but had an expanded budget and larger pool of eligible loans (Cordell et al., 2011 
The Data
In exploring redefault after modification or self-cure, we use a database that merges loan-level As discussed in Gabriel, Iacoviello, and Lutz (2017) , loan modification activity in California was particularly encouraged via introduction of the California Foreclosure Prevention Laws. 6 The Truth in Lending Act primarily features rules regarding how loss mitigation efforts should be handled and when foreclosure processes can begin after a loan becomes delinquent; specifically, it establishes longer timelines for nonforeclosure activities to occur. 7 The algorithm used by Equifax CRISM to merge the two data sets, which is proprietary, uses information common to both component databases, including mortgage origination amount, mortgage origination date, zip code of the property (Black Night McDash), zip code of the borrower (Equifax), current balance on mortgage (at the end of each quarter), and the borrower's payment history.
The mortgage servicing component provides payment status (days past due), loan terms (interest rate maturity date), and current balance for each mortgage (updated monthly). 8 For mortgages that enter into delinquency and subsequent foreclosure, the start and end dates of the foreclosure process are reported. This information is used to identify mortgages that become seriously delinquent, those that receive a modification, and those that self-cure out of delinquency.
Our initial sample consists of first-lien mortgages for primary (owner-occupied) residences that became at least 90 days past due or subject to foreclosure in 2008, 2009, 2010, or 2011 . We then draw a 20 percent random sample from this overall population. We then narrow the sample even more to borrowers who went through a modification process or who self-cured from their mortgage delinquency during the period of 2008-2011 and who were no less than 90 days past due and no more than 540 days past due at the time of modification or cure, yielding a sample size of about 365,000 mortgages. We apply a process to identify mortgage modification and/or self-cure that is adapted from Adelino, Gerardi, and Willen (2013), as described in what follows.
Next, we exclude all mortgages indicated (in the credit report data) to have an associated junior lien, which reduces the sample size to about 273,000. This exclusion is intended to simplify the analysis; the presence of a second lien is a complicating factor because the borrower may prioritize one mortgage payment over the other. Finally, we exclude modified loans that were remodified and self-cured loans that subsequently were modified, within 42 months after the initial modification or cure. This latter exclusion, which amounts to less than 1 percent of the sample, addresses the concern that remodification might have prevented redefault, causing the borrower's performance status to be ambiguous. The final sample contains 268,023 mortgages, of which 139,935 are self-cures and 128,808 are modifications.
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For each mortgage loan included in the sample, we track payment history through the second quarter of 2014 or until the loan terminates through redefault or payoff. As noted, our analysis compares the redefault behavior of borrowers who have received modifications with matched borrowers (with similar characteristics) who have self-cured. The matching process further reduces the sample size owing to our inability to identify suitable matches for all modifications or all self-cures, as described in the next section.
In addition to dynamic information on payment status of the first-lien mortgage, the Equifax CRISM data provide various updated information from the borrower's credit record. These include credit score (the Equifax Risk Score), total balance of the first-lien mortgages plus any second-lien mortgages, and a variety of indebtedness and payment history information, refreshed on a monthly basis.
The Equifax CRISM data also indicate a loan's investor or guarantor category as one of the following: loans securitized and guaranteed by Fannie Mae and Freddie Mac (Agency), loans insured by the Federal Housing Authority or Veterans Administration (FHA/VA), loans held in bank portfolios, and privately securitized loans. Our analysis distinguishes among these four categories.
In addition, these data provide date of origination of the first mortgage, the original loan amount, the original appraised value of the property, the state and county location of the property, borrower FICO at origination, and information on loan type (whether fixed rate, amortizing adjustable rate, or pay-option adjustable rate).
We combine this detailed loan and borrower information with economic data, including the county-level repeat sales house price index (HPI) from CoreLogic and seasonally adjusted unemployment rates by county from the U.S. Bureau of Labor Statistics. Overall, Equifax CRISM allows us to control for a variety of factors associated with the likelihood of being granted a loan modification and the likelihood of redefault subsequent to modification or self-cure.
Identifying mortgage modification.
A loan is classified as undergoing modification if: 1) we observe changes made to the principal balance, interest rate, or maturity date yielding a material reduction in the monthly payment, and 2) the mortgage returns from delinquent to nondelinquent (current) status.
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Principal reduction modifications are identified by comparing the current principal balance with both the origination balance and the previous month's balance. Similar to Adelino, Gerardi, and Willen (2013) , we require that the current principal balance be at least 10 percent less than both the previous month's principal balance and original balance but greater than 50 percent of the original balance. An exception is made for mortgages reported in Equifax CRISM that were assigned to a loss mitigation program, in which case any reduction in principal is equated with a principal reduction modification.
11
10 Modifications (as identified by changes in loan terms) that do not return a loan to nondelinquent status appear to be relatively uncommon.
11 As explained in Adelino, Gerardi, and Willen (2013) , the loss mitigation flags included in servicing data are not comprehensive, necessitating the construction of modification indicators using reported changes in loan terms.
Interest rate modifications are identified by comparing the reported interest rate between the current and previous month. In the case of a fixed-rate mortgage, a loan modification is indicated by an interest rate reduction of at least 50 basis points. 12 The same rule is applied to adjustable rate mortgages (ARMs), provided that the current month does not coincide with the original note's contractual reset date. Otherwise, if the ARM is reported in Equifax CRISM to have been assigned to a loss mitigation program, then a rate modification is indicated by a 1 percentage point reduction.
Otherwise, rate modification for an ARM is indicated by an interest rate reduction that is no less than 1 percentage point and at least 50 basis points in excess of the decline in the index rate since the previous rate reset (or since origination, in the absence of a prior reset).
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One other type of modification, involving combination rate and maturity adjustment, is identified by comparing reported interest rate and maturity date between the current and previous months. A modification is indicated if the maturity has been extended at least 12 months, the interest has been reduced by at least 12.5 basis points, and the required monthly payment has been reduced.
14 Each modified mortgage is uniquely assigned to a modification category, such that priority is given to principal reduction and term extension. Thus, if the loan is indicated to be a principal reduction modification, it would be assigned to that category regardless of whether an interest rate modification is also indicated. If rate and term modification but not principal reduction is indicated, the loan would be considered a rate and term modification.
Identifying self-cure. A first mortgage is indicated to be self-cured if it returns to current status without the material reduction in monthly payment indicative of loan modification. Note that this definition does not rule out some assistance by mortgage servicers, such as granting a term extension that returns the borrower to current status but increases the monthly payment, or forgiving some accrued interest or penalties.
Sample composition. The bars with cross-hatches in Figure 1 show the composition of the prematch sample with respect to shares of modified versus self-cured mortgages, by year of cure or modification and by investor or guarantor category. The dashed lines indicate total modified plus selfcured loan counts by year and category.
The total number of self-cured or modified loans and the share of these that were modified increased markedly between 2008 and 2010, and especially within the Agency and FHA/VA categories.
Within the portfolio and privately securitized categories, the share of modifications among all self-cured and modified loans doubled, while within the Agency and FHA/VA categories, it went from under 10 percent to more than 55 percent.
The vast majority of payment-reducing modifications each year provided an interest rate reduction (occasionally combined with a term extension) but no forgiveness of principal. Table 1 reports, for the prematch sample, the share of loan modifications involving principle reduction, by year.
Notably, the share of principal write-down modifications increased steadily between 2008 and 2011.
Matching Modified with Self-Cured Loans
We seek to compare the redefault behavior of borrowers who receive modifications versus borrowers who self-cure as a means of controlling for the influence on redefault of the changing economic environment and delinquent borrower population. Both groups (modified and self-cured) go through the similar experience of initial delinquency, becoming current, and being at risk of redefault.
What distinguishes them is that self-cures did not receive payment-reducing changes in loan terms to facilitate their remaining current and that some (not all) self-cures may have returned to current on their own (without any restructuring of the payment schedule).
To ensure that the comparison is between very similar borrowers (close to being identical given the available information), thus narrowing the scope for selection effects, we apply a two-step matching process. First, we match modified loans (treated) with self-cured loans (nontreated) using the propensity scoring process introduced by Rosenbaum and Rubin (1983) . 15 Then, we impose further restrictions based on selected categorical variables: Matched loans must share the same product category, location of the property, delinquency status prior to cure, and year and quarter of cure.
15 Propensity score matching is a process commonly used to account for observable heterogeneity across "treated" and "nontreated" entities, based on the conditional probability of treatment given observable characteristics, to reduce selection bias in treatment. In our study, the treated loans are modified loans and the nontreated loans are self-cured loans. For a more complete discussion of the origination and motivation for propensity score matching, see Guo, Barth, and Gibbons (2006) .
The propensity scoring process involves three steps. First, we regress observable characteristics of the loans on a binary treatment indicator (modified versus self-cured) using a logistic regression specification. Specifically, we estimate the logistic regression model (1) to predict propensity ( ) for borrower of being selected for modification ( = 1):
where Xi is a vector of covariates, including both point-in-time and original characteristics of the loans or the borrowers.
Second, we match each treated observation (modified) with a similar nontreated observation (self-cured) based on the predicted values (i.e., the propensity score) from the logistic regression in Equation (1). We run separate regressions for the three investor (or guarantor) categories: FHA/VA loans, loans securitized and guaranteed by Fannie Mae and Freddie Mac (GSE), and loans held in bank portfolios or privately securitized.
The explanatory variables in the regressions include dummy indicators for location of the property (state fixed effects), year of origination, year and quarter of cure, and portfolio type (bank portfolio versus privately securitized portfolio). Other explanatory variables include both point-in-time (updated) variables as well as original characteristics of the borrower or loan (from the date of origination), as listed below.
Point-in-time variables include change in local house price index over the year prior to cure, interest rate spread between the mortgage interest rate and 10-year Treasury rate, indicator variables that capture the ranges of delinquency status (days past due) as of the month prior to cure, and indicator variables for ranges of refreshed LTV ratio. Other point-in-time variables are the log of the mortgage principal balance, the borrower's Equifax Risk Score (a credit score assigned by Equifax) and bankruptcy status, and an indicator for multiple first mortgages (more than one active, first mortgage account in the borrower's credit file).
16 Unless otherwise noted, each of these variables is measured as of three months prior to the date of cure. Original characteristics include an indicator for being a subprime borrower (defined as having FICO score at origination no greater than 620 and for jumbo 16 The refreshed LTV is calculated as the principal balance of the mortgage divided by the current property value. The latter is based on the original appraised value updated using the county-level house price index from CoreLogic. The specified ranges of refreshed LTV are > 80 and ≤ 90; greater than 90 and ≤ 100, and > 100 percent. The specified delinquency status categories are ≥ 120 and < 180, ≥ 180 and < 270, ≥ 270 and < 360, and ≥ 360 days past due. mortgage) and an indicator for the retail origination channel. 17 Also included are indicators distinguishing ARM categories from fixed-rate mortgages.
18 Table 2 reports the sample mean values for each of these explanatory variables by year of cure, cure type (modification or self-cure), and investor (or guarantor) category. Results reported in Table 2 indicate that loans that received modification tended to have larger outstanding balances and larger exante interest rate spreads and tended to occur at later stages of delinquency. In addition, the share of modifications occurring at later stages of delinquency increased over time, and refreshed LTV declined over time (with the exception of loans within the FHA and VA categories). Notably, the average Risk Scores also increased over time within all categories, for both modifications and self-cures.
Propensity score model results. Logistic regression results based on the propensity score Equation (1) are presented in Table 3 . For each investor (or guarantor) category, loans with refreshed LTV below 90 percent have reduced probability of modification relative to self-cure. For Agency and privately securitized loans and loans held in bank portfolios, more severe financial difficulties (as indicated by a bankruptcy filing or lower Risk Score) are inversely related to likelihood of modification relative to self-cure, while more favorable housing market conditions are positively associated with it.
The coefficients of the delinquency segments indicate that cure is more likely to be associated with a loan modification as the borrower falls more behind in payments. Loans with larger interest rate spreads and loans with larger balances are more likely to cure through modification. For borrowers with multiple first mortgages, their primary residence is less likely to cure through modification.
Matching modifications to self-cures. The matching process is completed in two steps. The first step is to divide all cured loans into broad segments based on geographic location (the state in which the property is located), date of modification or cure, delinquency bucket (same delinquency status in the month prior to being cured), and investor (or guarantor) category. Each of these segments contains both modified and self-cured loans. In the next step, we match modified loans to self-cured loans within the same segment based on the estimated propensity score, which is the predicted value for probability of modification from Equation (1).
We use the method of nearest-neighbor, caliper matching to identify modified and self-cured loans with sufficiently close propensity scores. 19 We allow multiple self-cured loans to be matched to a unique modified loan (with the same propensity score) in the same segment. To assign the same weight to each matched pair in this one-to-many matching procedure, we assign a weight of 1 to the modified loans (treated) and weigh each of the matched self-cured loans (control) by the reciprocal of the number self-cured loans matched to a specific modified loan.
In the event of no match being found for a modified loan within the caliper, the observation is dropped from the analysis. To minimize loss of observations of modified loans due to a lack of suitable matches, we allow for replacement in the matching process such that a particular self-cured loan may be paired with multiple modified loans in the same segment, up to a limit of 25 uses of the same selfcured loan. 20 If a self-cured loan is used as a match for more than one modified loan, then its sample weight is calculated as the sum of its weights across all modified loans with which it is paired.
The match rate between modified and self-cured loans is affected by our choice of caliper interval. A larger caliper interval would increase the matching rate but would be more likely to result in Table 2 , again by year of cure, cure type, and investor (or guarantor) category. By design, both self-cures and modifications have similar mean values postmatch; the primary exception is that modifications continue to exhibit somewhat larger average loan balances than self-cures within the Agency grouping.
Identifying redefault. The matched sample allows for controlled comparisons of redefault rates between modified and self-cured loans. However, defining redefault is not as straightforward as one might initially surmise. Many borrowers return to delinquency after being modified or self-cured, but the lapse is often temporary (the borrowers quickly cure again), while some borrowers redefault, cure, and fall behind again, ultimately being unable to cure.
We settled upon the following definition of redefault as reasonably indicative of a long-term return to delinquency. First, we define a redefault event at date t as: 1) the self-cured or modified loan returns to severe delinquency (90 or more days past due, in foreclosure, in real estate owned (REO), or involuntarily liquidated) at date t, and 2) delinquent status is confirmed (the loan is observed to be at least 30 days past due, in foreclosure, in REO, or involuntarily liquidated) as of six months after date t or as of its last observed performance date, whichever comes first. Next, we only focus on redefault events that occur within 36 months after modification or self-cure, and define redefault as the occurrence of at least one redefault event within this 36-month period. For loans with more than one redefault event within the 36-month period, we take the date of the first redefault as the redefault month.
On occasion, within the 36-month window, a modified or self-cured loan returns to delinquency and, before six months has passed, is granted a modification that resets it to current, precluding a redefault event. If these loans otherwise are not observed to redefault during the 36-month window, we exclude them from the sample, as their redefault status becomes ambiguous because of the (re-) modification. This exclusion only has a small impact -less than 1 percent of the loans in the sample are affected.
Comparative redefault rates. In Figure 2 , we compare the monthly cumulative redefault rates of modified loans to the monthly, weighted cumulative redefault rates of their matched self-cures, by investor (or guarantor) category. We plot these cumulative redefault rates over a 36-month window after the loans had returned to nondelinquent status, separately for the earliest cure cohort in our sample (2008) category, although again, the decline in redefault rates is larger for modifications than for self-cures.
Given the relatively small changes in performance for this category, we focus primarily on Agency, portfolio, and private securitized loans for the remainder of the paper. population. In each case, we find that redefault rates decline over time for both modified and self-cured loans, such that the decline in redefault rates is larger for modifications. However, the differences between modifications and self-cures are somewhat more pronounced for the uncontrolled (full) population.
We also examined redefault rate patterns with a broader definition of redefault, whereby we specify redefault as any reoccurrence of severe delinquency within 36 months of modifications or selfcures, whether or not the reoccurrence is transient. Not surprisingly, redefault rates are generally higher under this definition, and they do not decline as much over time. However, default rate trends are similar to those observed using our original, preferred definition: The decline in redefault rates over time remains substantial and remains larger for modifications compared with self-cures, under the broadened definition. Thus, the results are qualitatively robust to a broader definition of redefault.
Impacts of the economic environment. Improving macroeconomic and housing market
conditions was probably one of the key factors driving the improving performance of both self-cured and modified loans between 2008 and 2011. In other words, the stabilization followed by recovery in economic and housing market conditions beginning in 2010 contributed to declining redefault frequencies of both self-cured and modified loans.
Another possible factor driving improved performance of both self-cured and modified loans is that borrowers who became delinquent in the later stages of the mortgage crisis period tended to be less vulnerable to repeat shocks compared with their predecessors. Hence, they were better able to sustain a self-cure or modification.
Learning by doing. Alternatively, over time servicers may have become more effective at helping borrowers stay current following a self-cure or modification, such as through counseling and early intervention. In other words, mortgage servicer learning-by-doing may have taken place in regard to self-cured borrowers as well as with modifications.
Each of these explanations implies a gradual decline in redefault rates over time. Unfortunately, we cannot distinguish among them using our data. We can, however, potentially draw from our data additional insights regarding why the decline in redefault rates was greater for loan modification compared with self-cure. We explore this issue in the next section.
Logistic Regression Analysis of Redefault
Building upon our visual analysis of redefault patterns over time, we further explore the decline in redefault rates of modified loans in relation to self-cures. We exclude government-insured (FHA and VA) loans from this additional analysis, since we observe relatively little change in redefault rates between 2008 and 2011 for this category.
Hypothesis 1. Our point of departure is the hypothesis that once a borrower cures from delinquency, whether through self-cure or with servicer intervention via modification, the determinants of redefault are largely independent of this distinction. More specifically, conditional on observable characteristics of the borrower and loan, a borrower who cures via loan modification is similarly situated to one that self-cures, except to the extent that modification provides financial relief that makes the cure more sustainable.
Hypothesis 2. Moreover, we posit that the extent to which modification bestows an advantage depends on not only the generosity of the revised repayment terms but also on the following factors: 1) the economic environment; 2) the length of delinquency (number of days past due) at the time of modification, and 3) modification vintage (calendar year and quarter). Intuitively, the modification is expected to be more likely to succeed when combined with improving economic conditions. A borrower in longer-term delinquency when the modification is granted is expected to be in a more precarious financial condition, making the modification less effective. The effectiveness of loan modifications is also expected to have improved over time during the course of the downturn and recovery through learningby-doing.
To test these hypotheses, we first estimate a logistic regression model that predicts redefault probability for self-cures, as shown in Equation (2).
The dependent variable is a binary indicator that is equal to 1 if the self-cured loan i redefaults and equal to zero otherwise. We use the postmatch sample of self-cured loans, weighting each observation as described earlier. indicate the specific year and quarter when the selfcured loan i returned to current, leaving the peak of the crisis period (all quarters in 2008 and 2009:Q1) as the baseline period. The vector represents a set of independent variables that measure local economic conditions that could impact the repayment performance of loan i subsequent to the modification period t. Specifically, we include in change in the county unemployment rate and percentage change in the county house price index during the 18 months following the cure date, each splined at 0.
The vector represents a set of independent variables that measure risk characteristics of the loan i and the associated borrower. These include most of the loan-and borrower-specific characteristics previously used in the propensity scoring model in Equation (1), as these are potentially related to likelihood of redefault.
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In addition, includes a new variable (derived from the borrower credit record) -whether the borrower was delinquent on other unsecured consumer loans such as credit cards within six months before or six months after the initial mortgage default. 22 Delinquency on these accounts may be indicative of a more severe adverse liquidity event for the borrower, making redefault more likely. Next, we apply the estimated, self-cure redefault (logistic) model (2), (2) to the sample of postmatch modified loans -as shown in Equation (3).
The term � + 0 2009 2 + ⋯ 4 2011 + • + � in Equation (3) represents the imputed redefault probability of the modified loan based on the redefault behavior for self-cures from Equation (2). An estimated coefficient 0 close to 1 on this term would be consistent with Hypothesis 1. 21 We reduce the number of delinquency categories to two: ≥ 180 and < 270 and ≥ 270 days past due. indicate specific year and quarter of the modification of loan i, and the terms and in (3) represent factors influencing the effectiveness of modifications.
Inclusion of these terms tests Hypothesis 2.
In particular, the local economic variables are reincluded separately (apart from their presence in the imputation term) to account for the possibility that the repayment advantage bestowed by a modification is most effective when combined with improving economic conditions. We include in an indicator for principal forgiveness modification and a piecewise-linear spline term measuring percentage reduction in the mortgage payment due to the modification (with a single knot point at 15 percent) to capture the financial benefit accruing to the borrower as a consequence of the modification.
In addition, we include indicators for delinquency (days past due) segment as of the month prior to modification.
We estimate a pair of equations for Agency and non-Agency (portfolio and private securitized) loans, respectively. In the non-Agency equation, we add a dummy variable to distinguish portfolios from privately securitized loans.
Empirical results: self-cures. Table 7 Impact of modification terms. The likelihood of redefault of a modified loan exhibits statistically significant, inverse relationships to the principal modification indicator and to the size of the payment reduction. In addition, the estimated coefficient on declining unemployment rate is positive and statistically significant. Thus, increasingly generous payment terms on modifications and improving economic conditions over the course of the study period contributed to the larger decline in the redefault rate of modified loans compared with self-cured loans. We also find that loan modifications at later stages of delinquency have higher probability of redefault. These findings are consistent with Robustness check. These results are robust to including more variables in and thus controlling for other factors that may be associated with differences in performance of modified versus self-cured loans. Risk Score, in particular, provides an updated measure of a borrower's creditworthiness and is an obvious candidate to control for systematic differences in the likelihood of default across the two subpopulations. As shown in Table 10 , columns 1 and 3, the results are robust to adding Risk Score as a covariate in Equation (3). 23 Results likewise were also robust to inclusion of refreshed LTV and the subprime indicator; in each case, we found no important impact on the other estimated coefficients or on the model's goodness-of-fit.
Testing for a potential role of "strategic default." The modification vintage terms capture improvement in performance of loan modifications relative to self-cures because factors we cannot specifically identify. One conceivable such factor could be an increasing frequency of borrowers opting to become delinquent on their mortgages to become eligible for a loan modification, such as in Mayer et al. (2014) and Jagtiani and Lang (2011) . If the frequency of borrowers engaging in such strategic behavior increased as modification activity expanded, then that could explain declining redefault rates on modifications, as such borrowers would have little incentive to redefault after receiving their soughtafter modification.
We believe the likelihood of such strategic behavior is small overall and is greatest when borrowers perceive modifications to be quickly obtainable. 24 That is, the likelihood of strategic default declines the longer the wait for a modification because of greater harm to the borrower's credit score, accumulating late fees, and increasing risk of foreclosure. Thus, one way to mitigate any impact of strategic default is to restrict the sample to borrowers who became at least 120 days past due prior to receiving their loan modification.
The results from reestimating the baseline specification (model 1) using the restricted sample of modified loans (which were deep in delinquency status prior to receiving modification) are presented in Table 10 , columns 2 and 4. There are no material differences from the full sample results of 24 The specific Countrywide Mortgage program studied by Mayer et al. (2014) likely encouraged strategic default, as it became widely publicized that borrowers were eligible for modification as early as 60 days or more past due. 25 We also tried including the indicator for whether the borrower was delinquent on a credit card or on an unsecured consumer loan other than a student loan around the time of the initial mortgage default, as a control for strategic default behavior. (A borrower who is severely liquidity constrained as indicated by such small balance Summary. Overall, our analysis has highlighted key factors contributing to the larger decline in redefault frequency of modified compared with self-cured loans between 2008 and 2011. First, consistent with Goodman et al. (2012) , we can in part attribute the improving, relative performance of loan modifications to an increased share of principal modifications, which on average perform better than other types of modifications. Second, improving relative performance is attributable to larger payment reductions associated with modifications in general after 2008. Third, the favorable impacts of principal and payment reductions were enhanced by improving economic conditions, with modifications becoming more effective as unemployment rates declined.
Our analysis has also provided additional insights that have not been explained in the mortgage modification literature. Goodman, Ashworth, Landy, and Yang (2012) and Goodman, Yang, Ashworth, and Landy (2013) argue that the decline in redefault rate after 2008 reflects modifications occurring at earlier stages of delinquency in the later vintages. Our analysis confirms that earlier intervention is associated with reduced redefault probability of modified loans relative to that of self-cured loans.
However, we also find that time in delinquency prior to modification was actually lengthening after
2008. Therefore, we cannot attribute the improving performance of modifications relative to self-cures to earlier interventions. 26 There must be some unspecified factors that explain this phenomenonconsistent with our learning-by-doing hypothesis.
Learning-by-doing is our preferred explanation for the significant vintage effect during the last We note that there might be a borrower-side explanation as well. Improving performance of loan modifications may be potentially attributable in part to changes in the characteristics of borrowers delinquencies is an unlikely candidate for strategic defaulter.) Inclusion of this variable (before or after excluding borrowers less than 120 days past due) had no important impact on other estimated coefficients.
receiving them, with these changes being unrelated to (evolving independently of) servicers' modification strategies. As indicated in Table 5 , compared with later years, 2008 defaulters in the Agency category had relatively high, refreshed LTV, and especially in the privately securitized (or portfolio) category, they were more likely to have subprime characteristics. However, our estimated vintage relationships are robust to controlling for these factors, and the 2008 defaulters otherwise were not observably much different from 2009 defaulters. Thus, the learning-by doing explanation seems most consistent with the fact that the improvement in performance followed upon the initial ramping up of modification activity.
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Learning-by-doing in regard to loan modification might be reflected in servicers becoming more adept at screening borrowers for eligibility. Based on the repayment performance associated with previous modification decisions, servicers may be updating the criteria or net present-value calculations applied to assess whether a modification is preferable to inaction or foreclosure to lead to better outcomes. Alternatively, servicers may have learned how to tailor modification terms to individual borrower circumstances. Again, servicers could be updating their intuition or models for what modification terms are likely to be successful for a given borrower based on their accumulated experience. Another potential form of learning-by-doing may be through enhancing default prevention activities, such as postmodification financial counseling.
Concluding Remarks
A payment-reducing loan modification is intended to provide borrowers with an opportunity to sustainably cure their mortgage delinquency, although for some borrowers, mortgage modification only delays the inevitable redefault. Early during the mortgage crisis that developed during 2007 and 2008, redefault rates of modified loans were quite high, validating the common perception that loan modifications are not cost effective. However, over the course of the downturn and early recovery periods, loan modifications increasingly achieved their goals.
Our study examines redefault rates of loans selected for modification during 2008-2011, using similarly situated, self-curing borrowers as a control group. We find that while the performance of 27 We are somewhat more agnostic in regard to the further improvement in performance indicated by the estimated 2011 vintage effect. On the one hand, as the economy and housing prices had begun to stabilize by 2011, these later defaulters, who had survived the worst of the downturn, may have been systematically different along unobservable dimensions than earlier cohorts. On the other hand, additional learning-by-doing might have occurred as the economic context evolved.
modified and self-cured loans both improved dramatically after 2008, the improvement of modified loans was substantially greater than that of similarly situated self-cures.
We identify key factors that potentially contribute to the larger decline in redefault frequency of modified compared with self-cured loans over the study period via estimation of logistic regression models of redefault for modified loans in conjunction with models of self-cured loans. First, the improving, relative performance of loan modifications in part reflected an increasing share of principal modifications, which on average perform better than other types of modifications. Second, improving relative performance is attributable to larger payment reductions associated with modifications in general after 2008. Third, the favorable impacts of principal and payment reductions were enhanced by improving economic conditions, with modifications becoming more effective as unemployment rates declined.
Fourth, much of the improvement in performance of modified loans relative self-cures is captured by modification vintage terms, which suggest that the improvement in part has been driven by changing behavior on the servicer side. That is, as servicers gained experience via expanded loan modification activity in the early stages of the mortgage crisis, they changed the criteria for modification selection. We believe that this learning-by-doing process, wherein servicers learned from past mistakes and successes, contributed to declining redefault rates.
This moderation in redefault rates on loan modifications suggests that encouragement of loan modification may, in fact, have been optimal public policy. However, further research incorporating a full cost and benefit quantification is needed to establish whether mortgage modifications were worth it from the lenders' and borrowers' perspectives as well as from the perspectives of overall social welfare.
Further research might also provide additional insights into specific policy questions around the design for effective loan modification -for example, whether servicers should receive subsidies for modification, whether and to whom subsidies should be targeted, and what strategies might further enhance the effectiveness of mortgage loan modifications.
Finally, our findings imply that public policies associated with housing finance or home ownership support should be evaluated in part on their ability to promote or facilitate the learning-bydoing process. Encouraging mortgage loan modification proved to be effective public policy despite historical evidence of high redefault rates, because as modification activity expanded, repayment performance of modifications improved dramatically. Information dissemination by government agencies may have facilitated this learning-by-doing process. 4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35 4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35 Pseudo R-squared 0.3768 0.3013 0.3681 Models include state fixed effects, year of origination controls, and year-quarter of cure controls. Additional controls include quarter of cure indicators. The ***, **, and * represent statistical significance at the 1%, 5%, and 10% levels, respectively. 
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